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INTRODUICTION

This report presents the aerodynamic data necessary for a

complete determination of the structural flight loads on the airplane.

Included are the effects of compressibility, power and configuration changes

such as pylon tanks on, ramp deflected, flaps extended, etc. Data speci-

fically for this airplane are obtained from the results of extensive low-

and high-speed wind tunnel tests conducted by Lockheed. Additional data

as necessary are from NACA publications and other Lockheed investigations.

Many configurations were tested in the development of this

airplane. Sone were made necessary by the type of test to be run; others

bj design changes or by stability and/or control requirements. In each

case, the data most apolicable have been selected for presentation in this

report.

F 7
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GENERAL

The C-130 is primarily a military cargo airplane of conven-

tional arrangement. It is powered by four propeller-driVing Allison

T-56 gas turbine engines. The airplane is a high-wing design with

standard empennage. It incorporates hydraulically boosted primary con-

trols, Lockheed-Fowler flaps for landing and take-off. Loading and

unloading are accomplished by means of a ramp at the rear of the fuselage

which can be opened for airdrops. Paratroops may be dropped from

personnel doors a, the rear of the fuselage and are protected from air

blast by means of shields irmmediately forward of the doors. 'lain landing

gear is contained in fairingson each side of the fuselage.

Basic data anolicable to the airplaneand describing its geo-

emetric characteristics are presented on the following pages. A dimen-

sioned three-view drawing of the airplane is presented in Fig. 1.

Pihysical parameters necessary to the purpose of this report are sum-ar-

ized in Table I, along wit", those items of erfor-iance which affect

structural flight loads determination. In Fig. 2 are presented curves

snowing military and normal rated power available at all speeds for

several altitudes. Fig. 3 presents carves which summarize design speeds

at all altitudes in level flight and dive.
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TABLE I

BASIC DATA

Wing

Area, S 1744.6 sq.ft.

Span, b 132.6 ft.

Mean Aerodynamic Chord, c 164.5 in.

Aspect Ratio, A 10.09

Taper Ratio, X .52

Dihedral, r (Outer Panel) 2.500

Incidence

Root, ir 3.0O

Tip, it 00

Geometric Twist -3.0O

Airfoil Sec tions

Root NACA 64A-318

Tip NACA 6h4A-412

Chords,

Root to W.S. 220 192 in.

Tip (W.S. 792) 100 in.

Straight Element, le c F.S. 517

Location of .25 E F.S. 528.51

Aileron (Each Side)

Area, Sa 55.0 sq.ft.

SMean Chord, ca 33.- in.

Deflection Iimits, +15°,-250 IS---7 7
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Tab Area, Sat 2.9 sq.ft.

Tab Mean Chord, -ca 6.5 in.

Tab Deflection Limi ts,•a + 200:• ~t-

Wing Flaps (Each Side)

Type Lockheed-Fowler

Area, Sf 171.0 sq.ft.

Mean Chord

Outboard Flap 4.9.5 in.

Center Section Flao 57.5 in.

Maxdmum Deflection, F 360

Horizontal Tail

Area, St h95.6 sq.ft.

Span, bt 52.7 ft.

Mean Chord, c 122. in.S~t

Asoect Ratio, At55

Taper Ratio, A .3714

Airfoil Section Inverted NACA 2.01 2

Chords

Root (Sta. 0) 166 in.

Tip (Sta. 313) 62 in.

Straight Element, 70% chord F.S. 1107.0

Location of .25 %-t F.S. 1052.1

__ Stabilizer incidence, is -1.750

Tail Length, It (.25 c to .25 'F) 523.6 in.

Tail Volume, .903

FORM 5707 5-
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Elevator

Area, Se lh.9 sq.ft.

Mean Chord, ce 33.5 in.

Deflection Lim-its, 1e 5l•0'-3O°

Tab Area, Set 15. 3 sq.ft.

Tab Mean Chord, c 11.0 in.Ce

Tab Deflection Limits.get _+300

Vertical Tail

Area, Sv 300.0 sq.ft.

Span, bv 23.3 ft.

Aspect Ratio, Av 1.81

Mean Chord, cv 177.8 in.

Taper Ratio, v .29f

Airfoil Section NASA 6h A-015

Chords

Root 250. in.

TiD 7k. in.

Straight Element, 7•- Chord F.S. l128.

Location of .25 r. F.S. 1031.6

Tail Volu'ne, V.. o .5 52

Rudder

Area, Sr 75.0 sq.ft.

MAean Chord, Cr hh.5 in.

Deflection Limi.s, + +35.0

X Tab Area, Srt 5.- sq. ft.

FORM 5707 8
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Tab Mean Chord, r 10.0 in.

Tab Deflection Limits, (for trim) +250
rt

Maximum Lift Coefficients

Clean Airplane 1.60

Take-off Flaps 2.00

Landing Flaps 2.60

Minimum Lift Coefficients

Clean Airplane -1.0

Design Weights an,! Load Factors

YC-130

Design Gross Weight 110,530 lbs.

Max. Load Factors, V V! +3.0,-1.

'lax. Load Factors at VD 2.5,-2,.75

'lax. Take-Off vIeight 127,200 lbs.

!ax. Load Factors 2.0

Design Landinz Weight ^ "-0

-ax. Alt. Land. Wt. (8 ft/sec. sink speed) 107500 lbs.

C-1330A

Design Gross Weight 10E,000 lbs.

Max. Load Factors, V4-VH +3.0,-1.0

lax. Load Factors at VD +2. 53 7T
-ax. Take-Off Weight l2b,2O0 lbs.

M ax. Load Iý'actors 2.0'-.

Design Landing Weight 96000#

Max. Alt. Landing It. 105,000 lbs.

(8 ft/sec. sinking speed)

FORM 5787 8
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Design Velocities (Sea Level)

i• YC-I30

Landing Flap 1Ebxtension 1I krots

Take-Off Flan Extension 183 "

Landing Gear Door Opening

Cargo Door Opening 130 "

Level Flight 290

Dive 348 "

C-130A

Laiding Flap Extension Il5 knots

Take-Off Flap Sxtension i-3 "

Landing Genr Door Opening 16p-,

Cargo Door Opening -

Le-;el Flight 217

Dive 3L5 "

FORM 5767 0
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TABLE II

AEIRODYNAMIC SI3N CON7ENTIONS

Item: Positive When:

1ift, L (CL) Up

Drag, D (CD) Aft

Thrust, T (CA Z T) Forward

Pitching Moment, M (Cm) Nose Up

Angle of Attack,c Nose Up

Side Force, Y (C Right

Yawing Moment, N (Cn) Nose Right

Angle of Yaw, 10 Se ig ht

Rolling Moment, L (C) Right Wing Down

Elevator Angle, Se Trailing Edge Down

Rudder Angle, I Trailing Edge Left

Aileron Angle, •a Trailing Edge Down
_•-a

AM-
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- LONGITUDINAL AERODYNAMIC CHARACTERISTICS

Aerodynamic data in pitch for the airplane and the airplane

build-up are obtained principally from the low-and-high-speed wind

tunnel tests of refs. 1, 2 and 3. Data on individual components not

tested by Lockheed are obtained largely from publications of the NACA,

specific references being noted as used. The airplane is conventional

in all geometric and aerodynamic respects, presenting no unusual

problems not capable of .,olution by stadard methods.

AIRFOIL SECTION DATA

Airfoil section data for all lifting surfaces, together with

effects of deflection of flaps or control surfaces are presented in

figs. 4 through 11. These da;a are obtained from NACA publications,

refs. 8, 9, 11-13, 15-21 and unpublished tes.ts of the Lockheed XP2V-!.

A:RPLANZE LIFT CARACTERISTICS

Low Speed. -- Low speed lift characteristics for the airplane

build-uD are presented in figs. 12 and 1i. These data are determined

directly from the low speed wind tunnel tests, corrected for Reynold's

No. effects.

Power Effects. -- Effects of power on the lift characteris-

tics of the airplane with and without horizontal tail are given in

figs. 15 through 19. These data are determined by interpolation and

extrapolation from low speed wind tunnel tests. It will be noted that

Sboth lift curve slope and maximum attainable lift coefficient are in-

creased with increasing power coefficient. The manner of obtaining M

FORM 5767 a3O
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(

power effects is discussed in the section on pitching moment character-

istics below.
Mach Effects. -- Effects of compressibilityon airplane

build-up lift characteristics are shown in fig. 14 . High speed wind

tunnel tests show that all configurations which include the wing have

a lift curve slope variation with Mach No. which is identical on a

percentage basis, and that the incremental change in zero lift angle

of attack is the same. Thus, these two simple curves are sufficient

to describe the Mach effects on lift. These curves apply only to

power-off cases; power effects should be ascertained from the low speed

curves and added unchanged.

AIRPLANE DRAG CUARACTERISTICS

Low Speed. -- Drag characteristics for the airplane build-

up are presented in figs. 20 and 21. These data are determined from

the low speed wind tunnel tests, corrected for effects of Reynold's

No. on lift.

Mach Effects. -- Effects of compressibility on the drag

of the airplane in four stages of build-up are shown in figs. 22 and 23.

Data are presented in the form of drag coefficient increments at several

values of lift coefficient, to be added to low speed drag. These curves

are obtained from an analysis of the low and high sp eed -Ndtneda.

AIRPLANE PITCHING MOMENT CHARACTERISTICS

Low Speed. -- Pitching moment characteristics for the air-

plane build-up are presented in figs. 24, 25 and 26. It is noted that

the addition of the vertical tail to the wing - fuselage combination adds

FORM 5787 U
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(ff

an appreciable and approximately constant, nose-down iutrement which

will contribute to fuselage bending in the same manner as; horizontal

tail load. Additional configurations tested, for which no data are

presented, include pylon tanks on and cargo doors in various positions.

In testing with the complete airplane, addition of the pylon tanks

caused a nose-down trim shift of ACm - -. 016 while opening the upper

cargo door caused a nose-up trim shift of ACm = +.O14 and the lower,

or ramp door caused a similar shift of approximately ACm = +.0015 per

degree of door opening.

Mach Effects. -- Pitching moment coefficient curves are

plotted for several Mach Numbers for each of several configurations in

the airplane build-up, and acesented in figs. 27 through 31.

Power Ef.fects. -- Wind tunnel tests with power were made at

very low tunnel speeds to enable attainment of large power coefficients

with the model motors used. Die to the very low Reynold's Numbers of

such tests, the absolute magnitude of the results are not deemed to be

as trustworthy as those run at higher speeds. the incremental effects

due to power are considered to be entirely reliable, and are used by

adding them to proper basic power-off test results from normal tunnel

speed runs. This procedure has been followed in the analysis of all

pcwer-on data presented herein.

Effects of power-on ait lane pitching moment characteristics

with and without horizontal tail and for various flap settings are

presented in figs. 32 through 36. It will be noted that the effects of

(0 power are destabilizing for both configurations and all flap settings.

FORM 5707 3
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These power effects are absolute in valve with respect to speed; to

determine pitching moment at high speeds, the power-off value should

first be ascertained fortim proper Mach No. and an increment due to

power obtained from these low speed curves .to be added.

ELEVATOR C HARACTERISTICS

Elevator effectiveness is given in fig. 37, showing change

in airplane pitching moment at constant lift coefficient. Values are

presented for several lift Coefficients and for flaps retracted

and extended. Effects of Mach No. on elevator effectiveness are given

in fig. 38.

Elevator hinge moment data are presented in figs. 39 and

i40 for flans extended and retracted. Values are given in each case

for airplane arddles of attack of zero and six degrees. From elevator

floating characteristics, it has been ascertained that hinge moment for

angles of attack greater than six degrees is the same as at six degrees;

all variation of hinge moment with angle of attack is for angles less

than six degrees, as noted on the figures, for all flan positions.

Characteristics of the control and boost system are shown in figs. 77,

78 and 79, including a plot of thi variation of pilot force with eleva-

tor hin-re moment.

FORM 8767 3
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DIRECTIONAL AERODYNVAIC CinARACTERTSTICS

Directional aerodynamic characteristics for the airplane and

airplane build-up are obtained %. Lncipally from the test results of

refs. 1, 2 and 3. Whfiere data from any other source is used, proper

reference is made in the test.

SIDE FORCE CHARACTERISTICS

Variations of side force coefficient with yaw angle for the

airplane build-up for low soeeds is given in fig. 4i. From many test

results it has been ascertained that airplane less tail side force

characteristics do not change aporeciably with increasing MIach No., but

that the force on the vertical tail varies according to the PrandtL-:l-auert

relation. Effect of compressibility on airplane side force and vertical

tail normal force '-as been determtned on this basis, and is presented in

fig. 47. Effects of power on aiolane side force with and without the

vertical tail are n in fig. L2 as obtained from w-rinrd tunnel test re-

sults. As with other power effects, these are not subject to comoressi-

bility correction but shold be added as increments to corrected power-off

values. The manner of determining power effects from tunnel test is

discussed in the section on pitching moment characteristics on pz. ih

YAWING MMONT CHARACTERISTICS

The variation of yawing moment coefficient with yaw angle for

the airplane build-uo is gi-ven in fig. hh for low speeds. These curves

are aoolicable to all flao settings. As is the case with side force,

Sefects of comnressibility are confined to the contribuion of the vertical

FORM 5767 8
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tail, and the effects of Mach Number on airplane directional stability,

pcwer-off, presented in fig. 47 are determined on that basis. Power

effects for flaps retracted and extended are presented in figs. h5 and 46

to be used as increments apolied to data corrected for compressibility.

See the discussion of power effects on pitching moment characteristics,

pg' 11"4, for the manner of obta* ning all power effects.

RUDDER CRkRACTERISTICS

Rudder effectiveness, including tabs, is presented in fig. 48

for all fla- settin-gs. Rudder hinge moment coefficient characteristics

are shown in fig. 49, indluding trim tab effects. The values for

zero yaw angle are obtained directly.from wind tunnel tests, while effects

of yaw angle are inferred from rudder floating characteristics observed

in the tunnel and compari smn with other similar surfaces. For the range

of Mach Numbers in which critical design air loads will be produced,

there are no changes in any of the aerodynamic charascteristics of the

radder. The characteristics of the rudder control and boost system are

shown in figs. 80 through 83, including a plot of the variation of

rudder pedal force with rudder hinge moment.

FORM 5767 3
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LA T ERA L A ER D Y N A ,T P C'-ARACTU'KQTICS

X ~ Did-E;DIAL EFFECiT

Airplane roll due to yaw for all angles of at-tack and flap

settings is given in fig. 50 for Doe off Anolication, of power

tends to reduce the dihedral effect by ap-roximately Q x 6o% for

flaps uo . At higin soeeds, t,. - oower of' curve may be corrected by the

Pra-ndtl-Glauert fac-,or to account 'for ccmpre~s.ibiLi: in1 the M!ach ~O

ranre whaerein cri ti cal loads K-_11 occur.

DA'PT;GT T-' ;Z-

T'he low soee1vie of t--- roll damnoing coeffic-ient is

determined on the basis o--: geo-metric narameters fro- ref. 10N. T.h~e

var-atic-ri of -,-e co)effc~t~ Mac- NThimher ab-ove 0.2 is ccord-ins

to the -rand iOauer*t relattion, wn,_ch is ý'alid in t e- Ma 'h Number range

tn nih riicl irload s w0-ll be acz-ing, F_ 1 51 oresents tnde data.

LE'~O 'C; 4AiCTUJSCS

Aileron effectiveness for flacs retracted and extended for all

so eed S i s given in fig-s. 52 and 53. Values are gi4ve--n f)r vari ous lf

cefciet;4teei~ viales of effecti4veness may be obtýained b

- p ola~i'.r an xr latio:; Aileron, I-in,-e mtc-ert c o e~fficen-.s are

oreseno.ed in fir. 541 for all flac Fettin;,s and all sneeds. Values of

anice moetcoefficient are given for tw,,o airolane angle-s of at-tack,

I-oný whih alujes for oth-er angles -ia-r '-( de7ternined by nterTpolation

arnd extrnpol ati on. These h-in,-e mo-ient coefficien;~' 1avne ',-en est~imntec,

from' the Idata of refs. 1.4, 7 nund 1D.

F)R~4 ~M632
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Characteristics of the aileron control aid boost system are

given in figs. 84, 85 and 8F. In figs 87 and 88 are shown Diots of

pilot force and aileron hinge moment versus wheel angle for several

speeds, showin-7 the effects of the boost ratio and boost cut-off and

the relationship between pilot force and aileron hinge moment.

-4BLB

FOM56 aP m%
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CHORD9,7ISE PRESSURE DISTRIBUTIOS

All chordwise pressure distributions except that over the

wing with Fowler flaps extended have been determined from the methods

and data of refs. 8, 10 and 24. The curves for the wing section with

Fowler flaps extended are obtained from unpublished wind tunnel tent

data on the Lockheed XP2V-1 and from flight tes' pressure measurements

on the Lockheed Constellation airplane.

WING

Chordwise pressure distributions are presented for upper and

lower surfaces at several lift coefficients for the inboard wing air-

foil section, for a typical section in the outboard panel and for the

'wing tip seci-.n in figs. 55, 56, 53, 59 and 61. In addition, net unit

and basic pressure distributions are shown for the inboard and typical

outboard sections in figs. 57 and 60. The pressure distribution over

tne wing airfoti. fection ahead of the extended Fowler flap is presented

in fig. 63, Flap load coefficients are shown in fig. 70 and discussed

on page 8.

13 Net pressure distribution increment due to deflection of the

aileron is given in fig. 62, determined from the data of ref. 25, using

the section pitching moment dat•a of fig. 11.

EMPENN~AU

The horizontal tail surface emboftes an inverted NACA 23012 air-

foil section. Chordwise pressure distributions are presented in figs. 6h,

65 and 66 for th: inverted airfoil (the normally lower surface now becoming

FORM 5767 5
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the upper, and vice versa), for both surface pressures and the net unit

and basic distributions. Fig. 67 shows the added net distribution due

to elevator deflection. If necessary to determine local surface pressures

with elevator deflected, this net distribution may be considered to apply

approximately half to each surface. Figures 68 and 69 show the pressure

distributions for the vertical tail and the added net contribution due
d

to deflection of tte rudder.

A.

FORM 57073a
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MISC=BjLLAtU A)T' R LOADS

CARGO D30R

Hi-ngce moment coefficients for both upper and low.,er cargro doors

are shown in fig. 70 for several different positions of each door. These

dat-a were obtained from wind tunnel tests reoorted in ref. 1.

FOUNL2R FLAP LOAD COEFFCIT"NTS

Flap normal and chord force coefficients are presented in

fig. 71. These data are determined from extensive two-dimensional

wvind tunnell --tests conduct.,ed by Lockheed and summarized in ref. 6

-he curves are p-e'ýen-,ed as total force coeffizients.ato~ they

are develooed1 from nressure distribution measurements and are, there-

fore, section coefficients T:;o curves of chord force coefficient are

oresented inasmuch as the tests re-;ealed either might be att-ained,, oming

laraely to -ap and conci'tion of tne -under surface of the wing ex-oosed

by extension o,- th-- flao). W~ing chordwidse oressure distributions wttn,,

the flans ext.ended are presentle' In fig. 63.

Uo-er and4 107er centearline oressur es for two air-lane angles

of attack are presented in fig. 72. These curves are estimated from.

wNind t-unnel test data on the nacelle of a Lockhe~ed XP-58 airplane,

reported in ref. 2h1.

PYLON TANK LID STRUYT

Aerodynarni't enaracteristics of the pylon tank are pre sented

i ~n fig. 73. These data are es-dimated from test data of ref. 114 on an

FORM 57670 8i
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isolated body of similaar geometry, with the angles of attack modified
to accomnt for the effects of wing upwash. Pylon tank strut aerodynamic

properties are determined from sim-l.Ie theory, considering it as a swept-

forward wing of low aspect ratio with the airplane wing acting as an

end-plate and the pylon tank being a partially effective end-plate.

Strut characteristics are shown in fig. 7h.

PROPELLER SIDE LOADS

Propeller loads may be determined from the Hamilton Standard

equation for propeller sid•e force:

q, 4 10~6 -+ 1 0[o A L j + Sin J[ .7/

where

F oropeller side load, lbs.;

CC= angle of relative wirnd witr, resoect, to axis of

rotation, degrees;
q =dynamic pressure, V-ibs. er sq. ft.;

D = propeller diameter. 15 ft.;

AF orooeller activity factor, l•0; -

"N = n'imer of blades, 3;

= opropelIer blade angle at .75 radius,

Substituting the known values in the foregoing -rves:

F = 5.58 M q sin (• + 100)

The loads in pitch are comouted for an angle of attack, C. , corrected

for uowash induced by the presence of the ving such tnat

1.32 CFCL +

FORM 5767 B NO~
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For propeller loads in yaw, 0C(X .

PARATROOPER SHIELD DOORS

Paratrooper shield door normal force coefficient variation

with door position is presented in fig. 76. A range of values is

given to allow for effects of airplane yaw. The curves are estimated

from wind tunnel test data on various airplane fuselage dive flaps,

principally those of the Lockheed P-80 reported in ref. 5.

NOSE LANIDING GEAR DOORS

The nose gear doors include three panels which, when closed,

form part of the fuselage contour. The forwardi door is rectangular

in shape and is hinged along its forvard edge so that, in its extended

position, it is similar to a fuselage dive-flap. The rear doors are

also rectan.ular in shape and are arranged symnerically on either side

of the airolane centerline. Each of these doors onerates from a linkage

which, in opening, allows it to drop down f 'om the fuselape a short

distance, enougn to clear and then to move sideways along the fusela;e

co:tour to clear the wheel well. In thi closed position, tho forward

door is subject to fuselage pressure distribution, estimated to vary

between limits of 2L = -0.2 to + 0.1, accounting for angle of
q

attack variations. When fully open, the forward door is subject to an

airload equivalent to a pressure coefficient of 6 = 1.2 tending to
q

close it. During extension, the loads are assumed to vary linearly

between the foregoing values. The external face of the rear doors are

subject to a pressure coefficient of ___ - -0.2 to 0 in any position.
q

In addition, a ram pressure coefficient of = 0.5 exists between
q

the side of the fuselage and the inner face of the panel.

FORM ý767 B
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MAIN LANDING GEAR DOORS

Air load coefficients for the main gear doors are presented

in fig. 77. These data are determined from a survey of past design

practice and wind tunnel and flight test results on bomb bay and landing

gear doors of several Lockheed airplanes.
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CON T OL SYTLC cARACT7 1TSTICS

All thr'ee primary controls are actuated wii~th, the aid of

17rdraulic boosters. In each system, motion of the pilot's control

is tranFmitted through suitable linkag-es to an a=,n which oneratps

the booste-r valve. 'When tisvalve is bototomed, which requires

only a smal.) frnction of' an inch )f control 7no-rc-ent, furteer ota

iS transmitt,-' to the czr-.troýl suriTace, with t!he pilot's S

rna.7n4f, ec b; th.e action of the bhoost c.,-linder. Cn th c roto,",-e

air:-lne, roionhas been incornoratedI in the ei-

t-e boost ratio. onstrcl ~s7te- c-haract:oristics n-ase,ý on n-074-al.

settin.-s or resenrzel in "e, foll:,winýc na~es and c_`n2,r~

-e~n7 .r b,-"- =)oyo and~ prodliction airolanes .v4,l ho

-irin7, flignht testn-ý Th efa" of chanjn4- booct f:,:,

-raýstical .our-)oe:, aff,2ct- only `-c ma-znit':cic of the: nilot L':r:' a-.

boostecr c-t-off, decreazin;, it in the came proportion r ;-c th:e

*_coct ratio is increased. and vice-versa. M'echarical ad~vtai~eb~~

t;,he ojiot's control and. the control surface rer!ain xmhrdan-d.

thle hinge rn'oent ava lblaie it booster cut-of'f is only neýli-ibly affected..

'h ol~n-dnti :;-,mnarize, the desiign requtirements of th: c r,+ro,

.inrfaces, the- corntri. syste~nz and the powe- lbooster:-.

~1e'aorS73t.en

:hi noina.l hotratio a,,-raies arnrox-.nate!Y 315:1, ns

s.o-in in. 71,;. 7"), inJ wihthe variable feature of tlhe noo-

FORM 57673
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mentlimned aj:,can be adjuisted to an'.' valiie bet7.,,:ern 27:1 ri.,d 'CO:l.

Owi.Yr.-c tzo th~e -mechanxcal decig-n of the syste~m. the boos" ratio Pnd

thec other characte-ist11ics, va" ry orne'hat. with control surfacce positicon;

exact vql~ups of each are r-ivin in Figs. 7" and 79. The hrdraulic

supply to the c.-linders has been made adeqlate to perm,-it elevator

mvement, rates of 140 degrees per second at. one-third of the desi~n

:nemoment focr short intervals and 10; f ill cycles per- minute

f z continau--is :one;at. aocro, matclv. one-half of ' boorztercaci.

T", ore ý rlatcnsi-, havecc: crossolotted in

8,. 0 -,o sv:te- -;ariaJtion of pilot effort ;vitn elev ate hi.g

moment for sex-oral elevator ale.Thi-s -let iillustrates the

efer n~ tth'-;t ys~ in ai-!in: the :il

"tat*or ,rcial zu-se ten enomnert P-ailahle at ain

h~~~astn3r; -:-rti hedsin,; 'ac tcr: fu.rt1her cfforl

rr~esorl:.l a nel~i1eincrease.

As wit~h the elevator, the echanlcal advarnta:>e of the rudader

sytmis deemnIfrom the rl;r.bet-een thie d1esir-3 'kue

eedal. 1len& .h arid tr~vel anti th-e rc~uirad t~e defies ziLon. .~

moment outo~it cn-nacit -reuir-nd has '-,en determninei to oitc2

for tecase of an engiLne failure at take-cffr. A value of 3,X;`J ft. -az.

fia ull ru.dder hasý been set, which allo-as sa~ffacien, mar_-in of zt.

far tu ! a:-e and wchdet'ermnines i~h.e design of tneý boo ster cyli ner

and lirkae tc the rudder-. Maxiirri pilot effort aisocial-aed wit1h1 this)

oxitpu' if7 a-or oximately 1-'-0 lbs. winich, wilt*-i the ot~ier factors, set~s

FORtM 57011 9



.~..KII i~r~JI(MIIW1Page 102

LOCKHEED AIRCRAFT CORPORATION REPORT 9062

the boost ratio. The nominal boost ratio, based or, the foregoing, averages

an-nroximately <2:1 and, on the protot1ype, can be adjusted to any value

bet,.een 26:1 aand 78:1 as exnlaird~ed above. This system provides adequa:te

contlýrol at lowe, speeds, with- vertical tail loads within reasonable limits.

At small rud~der angrles , t4e sysem pvides over 4,000 ft.-lbs. of hi n ge

moment capacity which, coupled with the hinge moment coefficient and air-

plane stability characteristics, results in more than sufficient control

arnd unduly larý-e design vertical tail loads in high speed flight. These

loads exceed 120 lbs. per so. ft. of surface, as compared to less than

90 on comnarable airnlIanes. T- was ascertained that- the oenalties associ-

ated vr*ith the foreg-oing could be a,,roided by reduci nu t-e hinr~e mc".ent. orut-

put of the boost cylinders for all, flight w.%ith flaps retracted. Thus, for

all fli_7ht wý,ith flapos extýenried in any amount, the systue- is as de-scl-'led

above -nhilie, wit":acs ret.ract-ed, pressure to the boos-, cinder i s reduced

from 3,DOO psi to 1,60C0 zsi wiha orocortilcnate decrease inhnemoment

ou tcu. T he resultingý system pr1ovides aumnle hipgh speed control, and esi~n

vert-ical tail loads are mai-tatrned ac reazconable limits. Actualvau,

eased mine nanrl boost ratio ser.;iný, a n ee, a~eei tcse

here are given in Figs. 8-1, 82 and 831. Certain of these r e Iati.o n shi cs h av-re

been crossolotted _in- ?ig C_ towa. show the variation of rudider oedaan for'.-e

with ruddzer hinge momnent. The effect of th-e dual outpu,-t system, dep)endent,

on faz ositonis clearly demonstra-ted here. Also, i sraiyap~

en ha ilot effort beyond that 'or boost limit nrodl.ces only nezliZ4'ble

effects. The hydraulic suppl y to the bo os t cylinders has been madce adequate

to ocr-,it rudder moveme-nt rates of 40 decrees ner seco-nd under one-half of

Ithe desi-.Mn hinze monent for snort int-ervals and, for con-.inuzu-_s zent

Dfuall cycles ner minute at, a-ýproxi.n-ately one-half of desi,:n hngye moment0.

FOR -3"
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Aileron S1ystem

Desic'n req'iir-ments of the aileron systlem were set. to

obanfulaleron t rav e at T k,- s/ 20) k s WIt the

booster dcfignei-2 for this condition, it wc s f ound4 that apnrec4 abIv

greater Ainge nmonm~ts are available at lesser wh',eel throvs, due 'to

the -echanism of the system w~hich produces dissymetri betw.een up and

down aiLleron travel, so the nomiinal boost rati o of approximately

50:1 was set so t-hat ro more than 80 lbs. pilot effort would be

r e ~rez tro a~tain, fuoll 1:ooster cutout, at a-ny, wheel ioosition consistent

wi t- the :n e-od range o the airr"Lane. C- th-e orototyoem airolanes, t*he

boos rati may be a.1, sted! nnam,;" vnlu -bet n 20:- pnd- `:1 ps

A=S&--41. rn, P ý. e':-. n several na-a-'eters

nece~sar~r tovtrjn h relation beow'na.ron hr -- nt

arA --ee1 ~'croe are -reseno.ed n k. and u.?i7 . F8 and.

~O 001varati-n f nlotforce and aileror i2 moment -ruth e

ised w to te control and ½--ost system rao, dete'~rmane

these plo3ts. * he hydra ilic. S,:Only to o-3 cylinders h-as bo-n m

-~aenazto nernit ailleron movement ratýio of LO degrees per second

a. ,ne-q-arter of L!*ne desig4n hing~e mncn7e:,. for zho-r7intervaliz anc

2.5 fl cI le per -aionte -for contirnwius moyemen; at rrx atl

one-half of design hi;r.2-e mocment.

Con.tr.l Suirface~s 7'abs

.k'~2' are el -ct.rica'lv drive,-n and are !used4 to tr4 n

l!'re.Design! loado- areý orsc-e-!. Jn - toe ta'nle- belowv for

-on!`;i00 deerminerd to be critical. Thesc hinye_ mo"-ents naq*. 1e L

reade or':l,ýt f om a triaJn~ -ressurný di`stribnt 'ioriY,- in tZ

FORM 5787 8
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pea!, at the tab hinge line. T•ab hinge cment coeff'icients used4

are plotted in Fig. 90.

I judder Aileron 1 Elevator
SOne Side) (Each Side)

Tab Area, Sq. Ft. 5.0 2.9 7.64

Tab. Chord, In. 10.0 6.5 11.0

""ax. Tab Angle, Deg. 125 20 _+30

'!ex. Control Surf'ace An-le, De- +35) ,

Limi Design r , Vrn.-Lbs. .0 112031 5750

-ormna-• 1 erating E 10 VH, !.-Ls. 1430 700 21
.inm"•- . perating Rate, Deg./Sec. 3.5 3.5 3.5

_ _ _ _ _ _ _ _ _ _ _ _ I __ I _ _

_1M __ _1
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Lockheed Publications

1. LAL 201 - Low Speed Wind Tunnel Tests of a lll5-Scale Model of

the YC-130 Airplane.

2. LAL 205 - High Speed Wind Tunnel Tests of a 1/15-Scale Model of

the XC-130 Airplane.
S3. LAL 216 - High Speed Wind Tunnel Tests of a l/l5-Scale Model of

the 082 Airplane (XC-130).

4. LAL 35 - Wind Tunnel Tests of a 20tn Scale Powered Model of the

Lockheed C-E9 Airplane.

5. LAL 140 - Wind Tunnel Tests of 1/6-Scale X2-90 Model.

6. LR 2576 - Aerodynamic Structural Data Handbook.

7. LR 4710 - Aerodynamic Handbook.

NACA Publications

= 8. TR 620 - Pressure Distribution over Airfoils with Fowler Fl-ps,

by Carl J. Wenzinger and Walter B. Anderson.
9. TR 824 - Sm�nary of Airfoil Data by Ira H. Abbott, Albert E.

Von Doenhoff, and Louis S. Stivers, Jr.

10. TR 868 - Summary of Lateral - Control Research, by Thomas A. Toll.

11. TR 903 - Theoretical and Experimental Data for a Number of 6A-

Series Airfoil Sections, by Laurence K. Loftin, Jr.
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12. TN 1419 -Wind Tunnel Tests of the Fowler Variable -Area Wing.,

by Fred E. Weick and Robert C. Platt.

13.- T1 763 -Wind Tunnel Investigation of Two Airfoils with 25-

Percent-Chord Gwinn and Plain Flaps., by Milton

B. Ames, jr.

14. TM 11914 -Fcrce And Pressure Distribution Measurements on Eight

Fuselages, by G. Lange.

15. R, L7C0~a - Tuft Studies of the Flow Over a Wing at Four Angles of

Sweep., by Gerald Hiesser (Lockheed R711 200).

16. W~ A8Bll -Wind Tunnel Investigation of Horizontal Tails.

II -Unswept and 351 Swept-Back Plan Forms of Aspect

Ratio 14.5, by Jules B. Dods, Jr. (Lockheed RM 290).

17. R-1 A8Hf30 -Wind Tunnel Investigation of Horizontal Tails.

III -Unswep~t and 350 Swept-Back Plan Forms of Aspect

Ratio 6,, by Jules B. Dods, Jr. (Lockheed FPS 401).

18. R!W A5l6l2a- Influence of Airfoil Trailing-Edge An-gle and Trailing-

Edge Thickiness Variation on the Effectiveness of a

Plain Flap at High Subsonic Mfach Numbers, by Albert H.

Hemenover and Donnid J. Graham (Lockheed RMt 638).

19. F& 'Wind Tunnnel Investigationi of Controlý-Surface

Characteristicso I -Effect of Gap on, the Aerodynamic

Characteristics of an NACA 0009 Airfoil With a 30--

Pe-rcente-Chord Plain Flap, by Richard I. Sears (Lockcheed

RA 103).
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20. R - Wind Tunnel Investigation of Control-Surface

Characteristics - III - A small Aerodynamic

Balance of Various Nose Shapes Used with a

30-Percent-Chord Flap on an NACA 0009 Airfoil

by Milton B. Ames, Jr.' (Lockheed RR 111).

21. RR - Wind Tunnel Investigation of Control Surface

Characteristics. VI - A 30-Percent-Chord Plain

Flap on the NACA 0015 Airfoil by Richard I. Sears

and Robert B. Liddell (Lockheed RR 174).

22. ARR L4112a-Ndtes on the Propeller and Slipstream in Relation

to Stability, by Herbert S. Ribner (Lockheed R.. 455).

23. . - Lift and Drag Tests of Three Airfoil Models with

Fowler Flap, by Ira H. Abbott and Harold R. Turner, Jr.

(Lockheed CV 153).

MISCELLANEOUS

24. University of Washington Aeronautical Laboratory

Report No. 143, Wind Tunnel Tests of a 1/14 ,cale

Model of the Lockheed XP-58 Airplane Boom.

E 25. ANC-i(2) W-C-hordwise Air-Load Distribution.
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